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(54) A method for performing handover in a radio communication environment. 



(57) A method of performing handover of a call in a 
duplex radio communication system comprising radio 
access units (11,12) and at least one remote radio com- 
munication unit (1 0). The radio access units (11,12) and 
the or each remote radio communication unit (10) are 
arranged for establishing a call at a radio link between 
a remote radio communication unit (10) and a radio ac- 
cess unit (11, 12), which radio link is selected from a 
plurality of predetermined radio links. A call in progress 
at a first radio link (1 3, 1 4) between a remote radio com- 
munication unit (10) and a first radio access unit (11) to 
a second radio link (15, 16) between the remote radio 
communicatbn unit (10) and a second radio access unit 
(12) subject to periodically measured (17) radio link cri- 
teria between the remote radio communication unit (1 0) 
and the second radio access units (12) exceeding in per- 
formance periodically measured ras&o link criteria be- 
tween the remote radio communication unit (10) and the 
first radb access unit (11). The handover is performed 
and completed if the measured racfio link criteria be- 
tween the radio communicatbn unit (10) and the second 
radio access unit (12) exceed in performance the meas- 
ured radio link criteria between the remote radio com- 
munication unit (10) and the first radk> access unit (11) 
for at least two consecutive periodic radio link criteria 
measurements. 
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Description 

Field of the invention 

[0001] TTie present invention relates generally to wire- s 
less telecommunication systems and, more specifically, 
to radio telecommunication systems for duplex radio 
communication between two or more units, at least one 
of which can be mobile. 

Background of the Invention 

[0002] Wireless telecommunication systems, such as 
the well-known cellular and cordless telephone and data 
transmission systems, typically comprise a plurality of 
mobile or portable radio corrvnunk^ation units and a plu- 
rality of radio access units. Each access unit provides a 
number of radio communcation channels to a geo- 
graphical area or cell defined by the operating ranges 
of the access unit. The access units are connected to a 
central interface unit, also called radio exchange (RE) 
or mobile telephone switching office (MTSO). The RE 
or MTSO are in tum coupled to a Public Switch Tele- 
phone Network (PSTN) or Integrated Servbes Digital 
Network (ISDN), in some cases via an intermediate Pri- 
vate (Automatic) Branch Exchange (P(A)BX), for com- 
pleting telephone and data calls between mobile radio 
and landline subscribers. 

[0003] Cordless radio communk:ation systems, rang- 
ing from simple residential cordless telephones to busi- 
ness cordless communication systems capable of sew- 
ing hundreds or even thousands of cordless radio com- 
munication units across (large) offices, production halls 
etc., have been devebped for use in picocell (a few me- 
ters), nanocell (up to 10m) and microcell (10 to 400 m) 
applications. Analogue cordtess telephones are desig- 
nated CTO. CT1 and CT1+. Amongst the digital cord- 
less systems, designated CT2, CT2-CAI, CT3 and 
DECT (Digital Enhanced Cordless Telecommunica- 
tions), both CT3 and DECT use TDMA (Time Division 
Multiple Access) as their transmission technique, 
whereas CT2 operates under FDMA (Frequency Divi- 
sion Multiple Access). 

[0004] Reference is made to a paper by C. Bucking- 
ham et al., " A Business Cordtess PABX Telephone Sys- 
tem on 800 MHz Based on the DECT Technology", IEEE 
Communk^tbns Magazine, 29(1991) January, p. 
105-110. 

[0005] Different form landfine connections, a call from 
a radio communicatbn unit m a wireless radio commu- 
nicatk>n system often has to change its radk> communi- 
cation link due to degrading link quality. This, for exam- 
ple, because another communicatkxi unit having a call 
in progress on the same radto link moves into the cov- 
erage area of a partbular communk:ation unit, or if the 
radio communication unit itself moves out of the cover- 
age area of the radio access unit to which it currently 
connects. The actkxi of switchnng a call in progress from 



one or more physical radio links or channels to other 
physical radio links or channels is called handover. Such 
a handover can be solely completed within the radio ac- 
cess unit to whk:h a radio communication unit is current- 
ly connected, a so-called "intra-cell handover". If a call 
is continued via a radio access unit serving another cell 
of a partteular radb communication system, this type of 
handover is called "inter-cell handover'. A call handover 
to another radb communication system is called "inter- 
system handover" or "external handover". 
[0006] In a radio communication system operating in 
accordance with the DECT standard, for example, 
handover can be initiated by evaluating the received ra- 
dio links with regard to the transmission quality of the 
radio links, using either one or a combination of the fol- 
kDwing criteria: RF signal level (RSSI). burst synchroni- 
sation (SYNC) error, system information field test word 
(A CRC) error, data field test word (X CRC) error Be- 
sides transmission criteria, other parameters such as 
system identification, access rights etc. may be included 
in the decision of initiating handover. 
[0007] DECT is a Multi Carrier/Time Division Multiple 
Access/Time Division Duplex (MC/TDMA/TDD) digital 
radra access technique, providing ten radio carriers, 
each dived into 24 time-slots which serve 12 duplex 
communication channels, called a frame. Frames are 
transmitted following a frame cycle time Tp of 10 ms. 
[0008] The selection of a radio channel is based on 
the so-called Dynamic Channel Allocation (DCA) tech- 
nque, in whbh afree radio link or communication chan- 
nel among a plurality of radio links or communication 
channels common to all radio access units of the system 
is selected. Free radio links or free radio communication 
channels are established by periodically measuring or 
scanning the radb channels available to the system, A 
free radio link or a free radio communication channel is 
selected based on either one or a combination of the 
above radio link criteria. 

[0009] In a practbal implementation of a method per- 
forming handover in a DECT radio communication sys- 
tem manufactured by applicant, after a handover is ini- 
tiated, during four consecutive frames verrification 
measurements are perfonned with regard to the radio 
link criteria between the remote radio communicatbn 
unit and the radb access unit to which a call in progress 
has to be handed over. 

[001 0] Those skilled in the art will appreciate that per- 
forming such a verificatbn measurement is not attrac- 
tive from a power consumption point of view. In a prac- 
tical radb environment, such as a Business Cordless 
Telecommunicatbns (BCT) environment wherein a plu- 
rality of radb access units are installed in a limited area, 
such as an office, production hall etc. inter-cell hando- 
vers a frequently performed if a person canying a cord- 
less radb communication unit is walking through the of- 
fice or production hall. As a result, with the known meth- 
od of handover, a considerable amount of scarce battery 
power is consumed. 
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Summefv of the Invention 

[001 1 ] In view of the foregoing, if is therefore an object 
of the present invention to provide improved handover 
of a call in a multiK;ell radio communication system, con- 
tributing to the conservation of scarce battery power. 
[0012] It is also an object of the present Invention to 
provide a radio communication unit and a radb access 
unit arranged for operating in accordance with the im- 
proved handover 

[001 3] According to the invention, there is provided a 
method of performing handover of a call in a duplex ra- 
dio communication system comprising radio access 
units and at least one remote radbcommunlcation unit, 
the radio access units and the or each remote radio 
communication unit being arranged for establishing a 
call at a radio Wnk between a remote radio communica- 
tion unit and a radio access unit, which radio link Is se- 
lected from a plurality of predetermined radio links, and 
for switching a call in progress at a first radb link be- 
tween a remote radio communication unit and a first ra- 
dio access unit to a second radio link between the re- 
mote radio communication unit and a second radio ac- 
cess unit subject to perkxiically measured radio link cri- 
teria between the remote radio communication unit and 
the second radio access units exceeding in perform- 
ance periodically measured radio fink criteria between 
the remote radio communication unit and the first radio 
access unit, char acterized in t hat the handover is per- 
formed"rf"th% measured radio link criteria bet ween^thg' 
radiS^mmunication un it andjh e^condl^ ^ 
unitlexceed i n performance the nr^easured radio ^iink cri- 
teria^betwiseSEB: 

the first-radi^^^Iilnit^foi^t-feast-tWo^cori 
peri^icTadto link criteria measurements. 
[0014] In the method according to the invention, an 
initiated handover is established if. during a consecutive 
measurement of the radio link criteria, the conditk>ns for 
handover of a call in progress to the second radio ac- 
cess unit are still available. That is, if the radio link cri- 
teria of a call between the remote radio communication 
unit and the second radio access unit still exceed in per- 
formance the radio link criteria between the remote radio 
communication unit and the first radk) access unit. Ac- 
cordingly, no additional verification measurements are 
performed, such that with the method according to the 
inventbn, the baHery power for performing the verifica- 
tion measurements is saved for each handover. 
[0015] The invention is based on the insight that, by 
performing the radio link criteria measurements with a 
rate such that during, for example, two consecutive 
measurements the radio link quality does not degradate 
below a level at which no radio convnunication at alt is 
possible, a qualitative seamless handover can be per- 
formed without additional verification measurements. 
[0016] In DECT, for example, radk> link criteria are 
scanned and refreshed every 1600 ms in a slow single 
carrier scan and. for example, every 800 nns in a fast 



single carrier scan. For a multicarrier scan, that is 
wherein two or more radio links of a particular radio ac- 
cess unit are scanned, the above scan times are even 
further reduced with a factor determined by the scanned 
s number of carriers or radk) links. Scan times of the 
above length have been proven to be satisfactory for 
performing handover. 

[0017] In an embodiment of the method according to 
the invent bn, the handover is established if the meas- 
10 ured radio link criteria differ over a predetermined range 
or threshold. This, in order to force as little as possible 
handovers. 

[001 S] Suitable radb link criteria for performing 
handover in accordance with the present invention com- 

is prise Received Signal Strenght Indicator (RSSl) meas- 
urement. Bit Error Rate (BER) measurement and, in par- 
ticular a radio communication sytem operating in ac- 
cordance with the DECT standard radio link criteria such 
as burst synchronisatbn (SYNC) error, system informa- 

20 Won field test word (A CRC) error and data field test word 
(X CRC) error can be used for initiating handover, either 
alone or in combinatbn. 

[00j9]^ — Afthough-handover-can be initiated-and con- 
troll^ by one or both the radb access units and the^re- 

2S fnote^ciio communication units, in-a preferred embod- 
^inrientMlfie^fhethod according to the inventbn, thp^radio 
^lihk criteria^are measured and handover is initiated and 
penfofmed^by and under the control of a remote radio 
cornrn un icaTiontniit. 

30 [0020] Advanta qeously. the periodically measured ra- 
dio link criteria arejobtained.not.only for-making a deci- 
sbn as to handover but also to serve as a basis for se- 
leeting'B'ffee'radio^linkor-radideommunication channel, 
using the DCA algorythm, for example. Those skilled in 

3S the art will appreciate that this combined use even fur- 
ther contributes to power saving. Preferably, all the radio 
communication channels available to a remote radio 
communication unit are scanned. However, for a fast 
scan, for example, measurement of radio link criteria 

40 can be limited to selected radio communicatbn chan- 
nels, such as radb communication channels carrying a 
so called dummy-bearer transmitted by radio access 
units. 

[0021] The invention further relates to a radio commu- 
te nbation unit, such as a radb telephone and a radio ac- 
cess unit, such as a radio base station for use in a duplex 
radio communbation system, in particular a cordless ra- 
db communicatbn system, comprising control means 
adapted to operate folbwing the method according to 
50 the present inventbn. 

[0022] The above-mentioned and other features and 
advantages of the invention are illustrated in the follow- 
ing description with reference to the enclosed drawings. 



[0023] Fig. 1 shows, in a schematic and illustrative 
manner, a cordless telecommun cation system in which 
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the present invention can be used. 
[0024] Fig. 2 shows, in a schematic and illustrativG 
manner, a digital data stream comprising data bursts. 
[0025] Fig. 3 shows in detaO the structure of a data 
burst of fig. 2. 

[0026] Figs. 4a, 4b and 4c illustrate in a very schennat- 
ic manner the method for call handover according to the 
present invention. 

[0027] Fig. 5 shows a sinr^Bfied block diagram of a 
radio communication unit taking the form of a telephone 
set operating according to the present invention. 
[0028] Fig. 6 shows a simp&fied block diagram of a 
radio access unit taking form of a radio base station op- 
erating according to the present invention. 

Detailed Description of the Embodiments 

[0029] Without the intention of a limitation, the inven- 
tion will now be explained by its application in a cordless 
radio telephone system operating in accordance with 
the DECT standard. 

[0030] Fig. 1 illustrates a typical DECT radio commu- 
nication system, generally designated with reference 
numeral 1 . The system comprises three essential ele- 
ments: a radio exchange (RE) 2, a plurality of compact 
radio access units or base stations 3, which are installed 
throughout the area to be covered and connect directly 
to the radio exchange 2. and remote cordless or wireless 
radio communicatbn units in the form of portable tele- 
phones or handsets 4 which connect over a radio link 9 
to the radio access units 3. 

[0031 ] Each radio access unit 3 provides service to a 
given area, called a cell, which is surrounded and/or 
overlapped by other cells of other radio access units 3, 
i.e. a so-called multi-cell approach. The radius of indoor 
cells amounts typically from 10m - 100m, whereas the 
radius of outdoor cells typically ranges from 200m up to 
5000m. 

[0032] The radio exchange 2 is connected to a wired 
exchange 5 to which a plurality of wired telephones 6 
can be connected. In business environments, this ex- 
change 5 is generally a so-called Private Branch Ex- 
change (PBX) whereas in outdoor applicatons, such as 
RLL or WLL, the exchange 5 b generally a Local Ex- 
change (LE) which, like the PBX» is connected to a Pub- 
lic Switched Telephone Network (PSTN) 7, i.e. the ordi- 
nary wired public telephone network. 
[0033] In RLL or WLL applications, the radio access 
units 3 may also connect over an air link 9 with so-called 
(Wireless) Fixed Access Units ((W)FAU) 8 which, in 
fixed RLL or WLL, connect to a fixed telephone terminal 
or socket for the connectk>n oJ an ordinary wired tele- 
phone 6. In mobile RLL or WLU providing kxal mobility 
in the home, for example, the FAU 8 is arranged to es- 
tablish an air link with a handset 4 in the home (not 
shown). 

[0034] In DECT, the informatkxi over the air link 9 is 
transmitted using a frame structure shown in Fig. 2. Dur- 



ing the first halve of the frame, i.e. the first twelve time- 
slots designated R1, R2, ... R1 2, data from the radio ac- 
cess units 3 are received by the handsets 4 or {W)FAU 
8, whereas in the second halve of each frame, i.e. the 
second twelve time-slots designated T1 , T2, ... T1 2, the 
remote communication units 4 or 8 transmit data to the 
radio access units 3. A radb communication link be- 
tween a radio access unit 3 and a remote communica- 
tion unit 4 or 8 is assigned a slot in the first halve of the 
frame and a slot bearing the same number in the second 
halve of the frame. Each time-slot typically contains con- 
trol data, system data and information or user data. 
[0035] A more detailed time-slot structure is shown in 
Fig. 3. The control data field contains a so-called syn- 
chronisation (SYNC) word, which has to be correctly 
identified at a radio access unit 3 or a remote commu- 
nication unit 4, 8 in order to process the received data. 
SYNC data will typically need 1 6 bits, preceded by a pre- 
amble of 16 bits. 

[0036] The system data field regularly contain system 
information on Identity and access rights, services avail- 
ability and, when required, information for handover to 
another communication channel in case of disturbances 
or transfer of a call to another radio access unit. Also 
paging and call set up procedures are carried over the 
system data field, which is also called A-FIELD. System 
data will typically need 64 bits with a 16 bit Cyclic Re- 
dundancy Check word designated ACRC. 
[0037] The information or user data, also called B- 
FIELD, comprise in case of a telephone call digitized 
speech samples obtained during the frame cycle time 
Tp of 10 ms. These speech samples are coded in ac- 
cordance with the above-mentioned ADPCM coding al- 
gorithm CCITT Rec. G.726 having a typical bit rate of 
32 kb/s. This means that for each speech call 320 bits 
have to be transmitted and received during every frame. 
The ADPCM coded B-FIELD data contain 80 speech 
samples of 4 bit each. These ADPCM data are formed 
from the difference of successive 8 bit wide PCM coded 
speech samples. The ADPCM quantization process is 
dynamically adapted to the momentary average signal 
level. 

[0038] The B-FI ELD data is scrambled and a 4 bit Cy- 
clic Redundancy Check word designated XCRC is 
formed from the information data. Including guard 
space, the total number of bits per time slot according 
to the DECT standard amounts to 480. These bits are 
transmitted at a system cbck frequency or system bit 
rate of 11 52 kb/s. 

[0039] The selection of a radio channel is based on 
the so-called Dynamic Channel Allocation (DC A) tech- 
nk^ue. in which a free radk> link or communication chan- 
nel amongst a plurality of radio links or communication 
channels common to all radio access units 3 or cells of 
the system is selected. DCA requires no channel or fre- 
quency planning and the like, and optimizes the occu- 
patkxi of the available communk:ation capacity of the 
system. 
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[0040] One of the basic features of the system is de- 
centralized Continuous Dynamic Channel Selection 
(CDCS), a technique in which the handsets 4 or (W)FAU 
8 selects the best available ladto communication chan- 
nel With CDCS, channel selection is not limited to call s 
set-up, but cc^tinues during the communication. CDCS 
optimizes the radb link qualrly between a radio commu- 
nication unit such as a handtet 4 and a radio access 
unit 3 and the occupation of tfie available radio commu- 
nication channels per cell. Reference is made to a paper 
by D. Akerberg, "Novel Radb Access Principles Useful 
for the Third Generation Mobile Radio Systems", The 
Third IEEE International Symposium on Personal, In- 
door and Mobile Radio Communication, Boston Massa- 
chusetts, October 19-21, 1992. 
[0041] DECT radio communication networks may 
comprise several DECT radio communication systems 
1 . which can be independents operated by one or more 
operators, for example. Furlher, several DECT radio 
communication systems 1 may be operated independ- 
ently in the same geographical area. 
[0042] In the case of synchronously operated sys- 
tems, provisions are made to secure that the frames and 
time slots of the several units involved are exchanged 
foltowing a common system timtng. This implies that the 
timing references of the several radio access units and 
radio communication units have to be adjusted with a 
predetermined accuracy to the common system timing. 
[0043] In the case of asynchronously operated sys- 
tems, the transmit and receive data in frames and time 
slots of the radio access units of a network or clusters 
of radio access units bebngirtg to several systems are 
not adjusted to a common system or network timing. 
Note that the radb access unrts in a particular cluster 
may operate synchronously. 

[0044] During a scan of the radio environment for ra- 
dio link criteria, preferably all infomDation with regard to 
the transmission quality of the several detected radio 
links should be retrieved and listed, such as RF signal 
level (RSSI), burst synchronisation (SYNC) error, sys- 
tem information frekl test word (A CRC) error, data field 
test word (X CRC) en-or. By using a weighing scheme 
the need for a handover to a particular access unit or 
system can be initiated. 

[0045] The decision to handover may take into ac- 
count other tnformatbn than &nk quality as well, such as 
access rights, preferences of inter-cell or inter-system 
handover or roaming to other radio systems. 
[0046] Further, the scanning may be adaptively ad- 
justed to cope with the particular radk) environment of 
a radk> communk^ation unit and communication charac- 
teristbs. In the case of call pending, the scanning rate 
preferably has to be faster than in the waiting or \6\e 
mode of a communication unit, i.e. no call perxiing, for 
example. For making a list on the radb links available 
for handover, a full scan of all the available radb links 
is not always necessary. The scan can be stopped or 
limited if, for instance, a sufficient number of adequately 



radio links has been found. 

[0047] The method according to the present inventbn 
for handover of a call in progress from a first radio link 
to a second radb link is generally illustrated in Figs. 4a, 
4b and 4c. 

[0048] Fig. 4a shows in a very schematic manner a 
radb communication system comprising a remote radb 
communication unit 10, such as a telephone handset 4 
or a {W)FAU 8 shown in Fig. 1 , and two radio access 
units 11 and 12. Arrows 13 and 14 represent a first du- 
plex radio link carrying a call in progress between the 
radio communication unit 10 and the first radio access 
unit 11. The radio communication unit 10 is also in the 
range of the second radio access unit 12. It is assumed 
that the radb access units 11 and 12 operate time syn- 
chronous. 

[0049] Further, it is assumed that the radio communi- 
cation unit 10 has to perfonm an inter-cell handover of 
the call from the first radio access unit 11 to the second 
radio access unit 1 2. This because the user of the radb 
communication unit 10 is moving in the direction of the 
second radio access unit 12 or that the radio path be- 
tween the radio communication unit 10 and first radio 
access unit 11 is suddenly bbcked, for example. 
[0050] Reference numeral 17 denotes scan means 
for scanning the radb environment for one or a plurality 
of the above-mentioned radio link criteria. The scan 
means 17 may include storage means for storing the 
measured radio link criteria. In a preferred embodiment, 
also a list of available radio links for handover is main- 
tained. 

[0051] If the radio link criteria obtained by the radb 
communication unit 10 from the second radio access 
unit 12 exceed in performance the radio link criteria ob- 
tained from the first radio acces unit 11 , over a prede- 
termined range or threshold, a handover is initiated by 
the radio communication unit 10. 
[0052] In accordance with the invention, the handover 
is not completed after a second or even further periodic 
measurement of the radio link criteria and if the radio 
link criteria obtained in such further measurement still 
exceed in performance over the predetermined range 
or threshold. That is, in the present example, if the radb 
link criteria obtained for radb links between the radb 
communication unit 1 0 and the second radio access unit 
12 exceed the radio link criteria obtained of radb links 
between the radio communication unit 10 and the first 
radio access unit 11, by the predetermined range or 
threshold. 

[0053] In the affirmative, as illustrated In Fig. 4b, a du- 
plex radb link 15, 16 is established between the radb 
communication unit 10 and the second radio acces unit 
12. The duplex radb link 15. 16 is selected from a free 
or available radb link or radb communicatbn channel 
determined during the perbdic scan of the radio envi- 
ronment by the scan means 17. Note that the first radio 
link 13, 14 with the first radio access unit 11 is still avail- 
able. 
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[0054] Fig. 4c shows the state wherein the call in 
progress is taken over by the second radio acces unit 
12 via the second duplex radb link 15, 16. It will be ap- 
preciated that the scan means 17 continue to periodi- 
cally scan the radio environment for radio link criteria, s 
such to establish the need for another call handover 
[0055] I n a preferred embodiment of the invention , in- 
itiating handover already involves the occupation of the 
second radio link 15, 16, however the actual handover 
is performed and coupled after the second or further io 
subsequent periodic scan of the radio envimment whilst 
the radio link criteria between the radio communication 
unit 10 and the second radio access unit 12 stilt exceed 
in performance the radio Gnk criteria obtained between 
the remote communication unit 10 and the first ra dio ac- is 
ce^&s^jnit^T " -^^^ 
[0056] Scanned radio link criteria are refreshed every 
1600 ms in a slow single carrier scan and. for example, 
every 800 ms in a fast single carrier scan. However, 
longer scan times can be envisaged without effecting 20 
the performance of the system. 
[0057] As will be appreciated, the handover method 
according to the invention does not involve verification 
measurements above the scanning of the radio environ- 
ment itself, thereby preventing the consumption of 2S 
scarce battery power. 

[0058] As shown in Fig. 4c, in the new situation the 
first radio access unit ceased its transmission at the first 
radio link 13, 14 whereas the radio communication unit 
1 0 is now linked to the second radio access unit 1 2 and 30 
the second radio link 15, 16 which bears the call in 
progress. 

[0059] Whenever the second radio link 15, 16 cannot 
be established it is preferred to resume the call at the 
first radio link 13, 14, if applbable. Otherwise a third ra- 35 
dio link connecting to the first radb access unit has to 
be established. 

[0060] When a call is resumed all the call control fea- 
tures, such as encryption and the like particular to the 
call, are started on the new radio link as well through the 40 
radio exchange 2 (Fig. 1) 

[0061 ] I n case of an inter-system handover the same 
procedure will be folbwed as outlined above in connec- 
tion with inter-cell handover. However, switching be- 
tween different radb communbatbn systems may be 45 
subject to additbnal access rights and the like. 
[0062] Fig. 5 shows a simplified block diagram of a 
radio telephone set comprising frequency or clock con- 
trol circuitry according to the present invention. The ra- 
dio telephone set 20 has four essential building bbcks. so 
i.e. a central control and application k^ic unit 21 , a radio 
unit 22, a timing and synchronisation control unit 23 and 
a speech processing unit 24. 

[0063] The radb unit 22 comprises an air interface 25 
having an antenna system coupled to a transceiver unit ss 
comprising a transmitter/lrrKxjulator and a receiver/de- 
modulator (not shown). 

[0064] ITie timing and synch ronisatbn control unit 23 



receives data over the air interface 25 and the radio unit 
22 from a base station 3 (Fig. 1 ), which data are proc- 
essed in accordance with the system clock timing pro- 
vided by the radio exchange 2 (Fig. 1). Signalling and 
synchronisation information are removed from the re- 
ceived data by the unit 23 and received speech data are 
fed to the speech processing unit 24. The speech 
processing unit 24, among others, takes care of the de- 
ciphering of received data. A codec 26 decodes the re- 
ceived digitized speech data into analog form for making 
it audible to a user of the handset via a loudspeaker 27 
connected to the codec 26. 

[0065] Speech produced by the user is received by a 
microphone 28 and encoded into a suitable digital for- 
mat by the codec 26. This encoded speech data is fed 
to the speech processing unit 24 which, arrx^ng others, 
takes care of encryption of the speech data. The timing 
and synchronisation control unit 23 adds suitable syn- 
chronisation and signalling infornnatbn to the encrypted 
speech data. The radio unit 22 transmits this signalling 
and speech data via the air interface 25 for reception by 
a base station 3 (Fig. 1 ) of the communication system 
to which the telephone set 20 is operatively connected. 
[0066] The central control and application logic unit 
21 comprises a microprocessor or microcontroller and 
memory means, and connects to the timing and syn- 
chronisation control unit 23. The central control unit 21 
essentially controls the system data and the communi- 
cation with the user of the radio telephone set 20 via a 
keypad means 29, display means 33 and ring generator 
means 30, all connected to the central control unit 21 . 
Further, an extemal interface 35 connects to the central 
control unit 21 for external control and data processing 
purposes. Frame and time slot allocation and, in the 
case of a multicarrier multi-time-slot technology such as 
DECT, also the various combinations of carrier frequen- 
cies and time-slots are controlled by the central control 
unit 21 and stored in the memory means. 
[0067] The ring generator means 30 connect to a 
buzzer 31 for producing a ringing or alerting sound at 
the arrival of a call. Optionally a visual alerting signal 
may be emitted by a lamp or Light Emitting Diode (LED) 
32, connected as shown. The display means 33, such 
as an LCD device, are operatively connected to the cen- 
tral control unit 21 for displaying call informatbn and oth- 
er user and system data. 

[0068] For the overall powering of the telephone set 
20 a battery and powering unit 34 is included. 
[0069] In accordance with the present inventbn, the 
timing and synch ronisatbn control unit 23 is controlled 
36 such to perform handover in accordance with the in- 
ventbn disclosed above with reference to Figs. 4a,b,c. 
[0070] Fig. 6 shows a block diagram of a radb access 
unit 40, which operates in accordance with the DECT 
standard. The access unit 40 has a wired connection 41 
to a radio exchange 2 shown in Fig. 1 . Central control 
and applicatbn logic 42 detects incoming calls and con- 
trols outgoing calls and select suitable combinations of 
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carrier and time slots in accordance with the DC A/CDCS 
algorithm. The different connections and time slots are 
merged via a multiplexer 43. The radio access unit 40 
has a frame and slot synchronization unit 44 which con- 
trols slot reception an6 transmission timing. The central s 
control logic 42 also controls a Transmit/Receive (T/R) 
switch 45 and an antenna diversity switch 46, if antenna 
diversity is implemented. 

[0071] With antenna diversity, if a radio connection 
provides no good communication, the control logic first io 
tries the other antenna before changing the radio com- 
munication channel. 

[0072] The radio interface of the access unit 40 con- 
sists of a receiver/demodulator 47 and a transmitter/ 
modulator 48. Synchronisation and control information is 
is stripped from received data by unit 49. whereas such 
information is added to the data to be transmitted by unit 
50, connected as shown. 

[0073] The frame and slot synchronization unit 44 is 
controlled 51 such to support handover in accordance 20 
with the present invention. For speeding up the meas- 
urement of radio link transmission criteria as disclosed 
above, the radio access unit Is arranged to transmit in- 
formation, also in its idle state, on at least two different 
radio links. In the idle state, such transmission is known 2S 
as "dummy bearer". 

[0074] Although the present inventbn is generally il- 
lustrated with respect to a DECT radio telephone com- 
munication system, it is not restricted thereto. The 
present invention can be used with other communica- 30 
tion devices, such as data communication equipment, 
as well as in other wireless multcell communicatk>n sys- 
tems. 



Claims 

1. A method of performing handover of a call in a du- 
plex radio communksation system comprising radio 
access units and at least one renrK^te radk> commu- 40 
nication unit, said radio access units and the or each 
remote radio communk:atnn unit being arranged 
for establishing a call at a radio link between a re- 
mote radio communication unit and a radio access 
unit, which radio link is selected from a plurality of ^ 
predetermined radio links, and for switching a^call 
in progress at a first radb link between a remote 
radio communicatkxi unit and a first radio access 
unit to a second radb link between said remote ra- 
dio communication unit and a second radio access so 
unit subject to periodically measured radb link crh 
teria between said renrtote radb communbation unit 
and said second radio access units exceeding in 
performance periodically measured radio link crite- 
ria between sakJ remote radb communicatbn unit ss 
and said first radio access unit, characterized in that 
said handover is performed if said measured radio 
link criteria between said radb communicatbn unit 



and said second radb access unit exceed in per- 
formance said measured radb link criteria between 
said remote radio communication unit and said first 
radio access unit for at least two consecutive peri- 
odic radb link criteria measurements. 

2. A method according to claim 1 , wherein said hando- 
ver is established if said measured radio link criteria 
differ over a predetermined range or threshold. 

3. A method according to claim 1 or 2, wherein said 
handover is established based on radio link criteria 
comprising Received Signal Strenght Indicator 
(RSSI) measurement. 

4. A method according to claim 1 , 2 or 3, wherein said 
handover is established based on radio link criteria 
comprising Bit Error Rate (BER) measurement. 

5. A method according to claim 1 . 2, 3 or 4, wherein 
said radio link criteria are measured by the or each 
remote radio communication unit. 

6. A method according to claim 1 , 2, 3, 4 or 5, wherein 
sab handover is initiated and performed under the 
control of a remote radio communication unit. 

7. A method according to claim 6, wherein said radio 
link criteria are obtained by periodically measuring 
radio link criteria of selected or all radio communi- 
cation channels available to a remote radb commu- 
nication unit thereby maintaining a list of radio links 
available for handover. 

8. A method according to any of the previous claims, 
wherein sab radio communication system operates 
in accordance with the Digital Enhanced Cordless 
Telecommunications (DECT) standard, and where- 
in said predetermined radb link criteria are formed 
by either one or a combination of the following cri- 
teria: RF signal level (RSSI), burst synchronisation 
(SYNC) en"or, system infonmat bn field test word (A 
CRC) error, data field test word (X CRC) error. 

9. A radio communication unit, such as a radio tele- 
phone for use in a duplex radio communication sys- 
tem, comprising radb access units and at least one 
remote radio communicatbn unit, in particular a 
cordless radio communication system, wherein said 
radio communication unit comprises control means 
adapted to operate folbwing the method according 
to any of the previous claims. 

10. A radb acces unit, such as a radio base statbn for 
use in a duplex radb communication system, com- 
prising radio access units and at least one renDote 
radio communication unit, in particular a cordless 
radio communication system, wherein said radb 
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access units comprise control means adapted to 
operate following the method according to any of 
the claims 1-8. 
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